Kyphoscoliosis appeared in chickens of two inbred lines from a common crossbred origin and in a White Leghorn line selected for increased shank length. A program of selection for kyphosis and scoliosis was added to the selection criteria for the crossbred lines and for the Leghorn line, with relaxation of the shank-length criterion. In the White crossbred line, stocks with scoliotic incidences of over 50% and of less than 5% were developed by divergent selection pressure. Additional pressure for kyphoscoliosis in the Black crossbred line nearly caused extinction of the stock, with no increase in scoliotic incidence. The incidence of scoliosis decreased in the Size Leghorn line. Reciprocal outcrosses between scoliotic chickens of White and Size lines produced F1 generations with no scoliosis, but the F2 to F5 generations developed variably low levels of the defect. One outcross of a kyphotic Size $ with scoliotic White Y 9 produced a low F1 scoliotic incidence. Crosses between normal, kyphotic, and scoliotic or kyphoscoliotic phenotypes produced intermediate levels of kyphosis and scoliosis, the former being at higher incidences. Selection within phenotypes was relatively more effective in normal than in scoliotic matings. No evidence was obtained for operation of a major gene controlling scoliosis. Data from matings within phenotypes and a high association of kyphosis with scoliosis indicated a sharing of some genes in development of the characters. A complex sytem of interacting modifying genes, some sex-linked, operating in a highly selective genetic background obtainable by inbreeding appears to be involved in the inheritance of kyphoscoliosis. The utility of the White normal and scoliotic stocks for further studies is discussed.
INTRODUCTION
Landauer (3) observed a syndrome involving rumplessness, supernumerary ribs, and kyphoscoliosis in developing a strain of recessive rumpless fowls. An increased severity of the deficiency 376 Selection for kyphoscoliosis in chickens in the caudal region of his rumpless birds was associated with increased incidences of kyphoscoliosis and additional ribs. This syndrome was more frequent and severe in males than in females. The mutation producing this form of rumplessness and associated skeletal abnormalities was greatly influenced in penetrance and expressivity by modifying genes, some of them possibly sexlinked. Landauer also reviewed previous reports of sporadic cases of kyphoscoliosis in birds.
Reciprocal crosses were made between Silver Spangled Hamburg and Light Sussex varieties of chickens at the University of California in 1933. Plumage color and pattern types segregating in F2 and later generations offered favorable material for study of the inheritance of melanotic pigmentation in feathers. In 1937 reciprocal crosses were made between the Hamburg variety and Columbian Plymouth Rocks, and the offspring were used in later matings with descendants of the Light Sussex cross. Two lines were then inbred and selected for extension and for restriction of pigmentation in plumage (Black and White lines, respectively). After ten generations of selection, a few chickens began to be produced which were kyphoscoliotic (9). These individuals differed from Landauer's defective chickens in the possession of normal tails and coccygeal vertebrae and in having no supernumerary ribs (Fig. 1) . Otherwise, expression of the scoliotic condition was similar to that described by Landauer, i.e., curvatures of the thoracic vertebrae in lateral directions extending posteriorly to the region of the lumbar and sacral vertebrae which are fused into the synsacrum, deformation of ribs and the rib cage, and the acetabula appearing at different levels as a result of torsions in the vertebral column. Observed in a majority of the scoliotic individuals was an associated kyphotic increase in the vertical arch of the synsacrum. The external appearance of the birds was that of a "humpback" with various expressions of deformation.
EXPERIMENTAL
Selection was continued in the Black line for increased melanic pigmentation of feathers and for a modified single comb, termed multiplex (8) [cf. Lerner (4) Fig. 13 ]. The White line was selected for lack of pigmentation in the plumage and for rose combs in homozygous or heterozygous conditions. As increasing numbers of defective birds exhibiting kyphosis and scoliosis were produced, special matings were made between deformed individuals, begin- Phenotypic classification of parents and offspring prior to 1952 was made by external physical examination of living chickens. It was recognized that small deviations in the vertebral column were not detected. Necropsies were done on breeding birds and their offspring in that year and subsequently. Measurements were made on the vertical arch of the synsacrum (Fig. 2) to detect kyphotic deformations, and a scoring system for lateral deviations 
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of the vertebrae was adopted to indicate the severity of scoliosis. Since misclassification by physical examination of living birds chosen for mating was more frequent than desired, a program was begun in 1956 of radiographing the potential mating stock at sexual maturity. If the height of the synsacral arch was 1 cm or more at its greatest point, as measured from a plane between the ventral surfaces of the most anterior and most posterior vertebrae fused into the synsacrum, the bird was classified as kyphotic. The lateral deviations of the thoracic vertebrae could also be detected in the X-rays with quite high accuracy. When enough chickens became available in each phenotype of the line, classifications were used to make normal, kyphotic, and scoliotic (including kyphoscoliotic) matings and also to make crosses between different phenotypes. Reciprocal crosses were also made between scoliotic chickens of the White and Size lines.
Since the natural matings of deformed chickens were characterized by low levels of fertility, and since both egg production and viability were impaired in mated flocks, management in later years of the experiment was changed from floor pens to single cages for both sexes and to the use of artificial insemination.
In this report, the ultimate classification of mated chickens and of their offspring is restricted to the findings at autopsy since 1952, except for a few individuals that were lost by predation or by oversight in the autopsy procedure. In these cases the X-ray classification is used. Kyphotic and scoliotic data are here given without respect to the variations in severity of expression of the deformities. Fig. 4) . The proportion of kyphotic offspring in these large chickens remained higher than with normal Leghorn stocks throughout the 12 years of selection. Normal matings produced increasing percentages of normal offspring of both sexes and a decline in the incidences of both kyphosis and scoliosis. Kyphotic matings produced high percentages of kyphosis but no trend toward an increase with time; scoliosis increased in the male offspring to a level equal to that of kyphosis, but the lower incidences of scoliotic females were without a uniformly significant trend. Scoliotic matings produced an increase of scoliosis in males to over 66 %, without a parallel increase occurring in the females. Obviously, selection for normality was relatively more effective than selection for higher levels of scoliosis, while selection for kyphosis retained comparatively high levels of the character along with a tendency to increase the level of scoliosis. The White line has clearly responded to selection pressure for kyphoscoliosis without endangering survival of the inbred stock, as in the Black line, or without failing to show an increase in scoliosis, as in the Size line. Individual and family selection for normal axial skeletal structures has decreased the level of scoliosis segregation to a low incidence without producing an inbred stock free from the defect, which testifies to the complexity of inheritance of the character.
CROSSBRED BLACK LINE

Incidence of Scoliosis in
Crosses between White-line phenotypes. Table 2 The results from the crosses provide evidence for the predominance of males in the kyphotic category, which was also true for matings within phenotypes in Table 1 size between the sexes may partly account for differences in kyphosis as here determined, still some females developed as definite kyphosis as many males. Table 2 also shows a progressive influence of the normal parents in reducing the incidence of scoliosis as the level of the character decreased from the normal matings, although the kyphotic and scoliotic parents in the crosses came from matings with increasing levels of scoliosis. This fact provides evidence of an increase in genes that modify the penetrance of scoliosis in the normal matings with the progress of the selection program. Normal males were relatively more effective in decreasing the level of scoliosis than the normal females in the reciprocal matings with kyphotic chickens, which indicates the presence of sex-linked genes.
Line crosses. In three years scoliotic individuals from the Size and White lines were crossed ( Table 3 ). The F1 generations had no scoliosis and exhibited a pronounced heterosis in growth, viability, egg production, fertility, and hatchability. Scoliosis reappeared in each generation from F2 to F5 of the White $ X Size 9, and from F2 to F4 of the Size $ X White 9 crosses. Incidences of scoliosis were higher in the descendants of the latter cross than from the former. Since the scoliotic Size line sires came from families with relatively low incidences of the deformity, sex-linkage of major genes producing the condition is not indicated by these results. One cross between different phenotypes of the Size and White lines, however, produced definitely scoliotic birds. A kyphotic sire of the Size line in matings with White scoliotic females produced three scoliotic individuals in a total of 55 offspring. The phenotypes obtained from this mating gave a distribution of normal and kyphotic chickens similar to that of the crosses which produced no scoliotic offspring (Table 4) .
DISCUSSION
Considering that kyphoscoliotic chickens involved in the present report lacked any associated defects, such as rumplessness and supernumerary ribs, it is surprising that expression and inheritance of the deformity have so many common features with Landauer's findings. In his rumpless chickens the embryonic development of deficiencies in the coccygeal vertebrae and posterior synsacrum are comparable to human sacral agenesis, which also has kyphoscoliosis as a frequently associated phenomenon (1). Supernumerary ribs also originate during embryonic stages. Embryos dying at late incubation stages and day-old chicks hatched from scoliotic matings in this experiment have failed to show any anomalous numbers or positions of vertebrae. Rarely, rudiments of supernumerary ribs were found on autopsy of adult chickens; almost exclusively these ribs were associated with the normal phenotype of the inbred lines. Attempts to determine whether nongenetic conditions might influence the incidence or expression of scoliosis in other experiments with our stocks have given uniformly negative results (10) Kyphosis has been considered related to the production of scoliosis, with considerable justification. After selection had been applied to effect an increase to high scoliotic incidences, approximately 90% of the scoliotic birds were kyphoscoliotic. The association of the two characters in earlier years was at a lower, though significant, level. Data showing that scoliotic matings produced a high level of kyphosis in the nonscoliotic offspring and that kyphotic matings produced much higher levels of scolioMis in later years of selection provide evidence for a common basis of inheritance of some genes in the two defects. The incidence of both characters is higher in males, as Landauer reported for kyphoscoliosis; this may indicate the cumulative action of shared sexlinked genes. Individual chickens, nevertheless, may be strongly kyphotic without having scoliotic deviations in the axial skeleton (Fig. 2) , and severely scoliotic individuals may less commonly lack a kyphotic deformation.
The inbred White chickens, respectively selected for and against scoliosis, represent a potentially suitable laboratory material for the study of physiological and biochemical differences that may be related to the development of deformities in the spine. These two stocks are particularly favorable from a genetic standpoint since the normal and scoliotic selections, originating from the same inbred line, are phenotypically identical for a wide range of characters and are probably homozygous for as many genes as most breeds of chickens. They are less likely to involve developmental differences unassociated with scoliosis than might occur in comparisons between normal and scoliotic individuals of different breeds or from genetically different strains of the same breed.
